Objective: To systematically examine the association between alcohol intake and likelihood of having probable rapid eye movement sleep behavior disorder (pRBD) 6 years later. Methods: The study included 11,905 participants (mean age: 47.7 years) of the Kailuan Study, free of stroke, cancer, Parkinson disease, dementia, and head injury in 2006. We determined pRBD using a validated RBD questionnaire-Hong Kong in 2012. Amounts and types of alcohol intake were collected with questionnaire. Participants were categorized into: nondrinkers, light (women: 0-0.4 servings/day; men: 0-0.9 servings/day), moderate (women: 0.5-1.0 servings/day; men: 1-2 servings/day), and heavy drinkers(-women: >1 serving/day; men: >2 servings/day). To examine the alcohol-pRBD relationship, we used logistic regression to calculate odds ratios (ORs) and 95% confidence intervals (CIs), adjusting for demographic characteristics, smoking, hypertension, diabetes, physical activity, body mass index, and plasma concentrations of lipids and urate. Results: Compared with nondrinkers, current drinkers had a 23% higher likelihood of having pRBD (adjusted OR 1.23, 95% CI 1.07-1.59). Both moderate (adjusted OR: 1.53, 95% CI 1.01-2.30) and heavy drinkers (adjusted OR: 1.29, 95% CI 1.00-1.66), but not light drinkers (adjusted OR: 1.16, 95% CI 0.94-1.44), had a significantly higher likelihood of having pRBD, relative to nondrinkers. There was a nonsignificant trend between consumption of each individual alcoholic beverages (i.e., beer, wine, or hard liquor) and higher likelihood of having pRBD (adjusted ORs ranged from 1.11 to 1.49). Conclusions: Alcohol consumption was associated with a higher likelihood of having pRBD. Future prospective studies with clinically confirmed RBD, large sample size for information on types of alcoholic beverage are warranted.
Introduction
Although it has been well documented that rapid eye movement (REM) sleep behavior disorder (RBD) is strongly associated with future risk of developing neurodegenerative diseases, 1,2 etiology and risk factors for RBD remain largely understudied. Understanding these risk factors is important, because besides risk of neurodegeneration, RBD carries the risk of sleep disruption and injury. From recent epidemiological studies of potential risk factors for RBD, [3] [4] [5] [6] several identified risk factors are related to neurodegenerative diseases (e.g., head injury and olfactory dysfunction) and cardiovascular diseases (e.g., hyperlipidemia and physical inactivity). [3] [4] [5] [6] Alcohol consumption was reported in association with higher risk of RBD or probable RBD (pRBD), [4] [5] [6] though in some of the studies, 4 ,5 this association did not reach statistical significance. However, most studies to date were either relatively small or not specifically intended to evaluate the dose and type of alcohol beverage used. [4] [5] [6] Alcohol has a strong effect on sleep, and thus may affect risk of sleep disorders. Studying this effect in more detail could also help to understand the potential role of alcohol in the pathogenesis of different health outcomes, which are closely related to RBD. For example, previous studies found that moderate alcohol consumption was associated with a lower risks of cardiovascular disease 7, 8 and cognitive impairment (and Alzheimer's disease). 9, 10 A large cohort study on Parkinson disease (PD) also reported that different types of alcoholic beverages might have different impacts on PD risk. 11 Given that the effect of alcohol on PD might be different from on RBD, which is currently considered as a prodromal symptom of PD, we hypothesized that alcohol may be associated with increased likelihood of having pRBD. We thus conducted a communitybased study to systematically examine the association between different amounts and types of alcohol intake and likelihood of having pRBD.
Methods Participants
As detailed elsewhere, 5, 12 participants of this study included 12,990 Chinese adults (10,725 men and 2265 women), who were free of Parkinson disease and dementia, a subset of an ongoing Chinese cohort, the Kailuan Study. 5, 12, 13 In the current analysis, we further excluded 987 participants with a prior history of stroke, cancer, and head injury and 98 participants who did not provide information on alcohol intake or RBD, leaving 11,905 participants (9776 men and 2129 women). The study was approved by the Ethics Committee of the Kailuan General Hospital.
Assessment of pRBD
We used a validated RBD questionnaire-Hong Kong (RBDQ-HK) to determine probable RBD symptoms in 2012. The RBDQ-HK was designed as a screening tool for RBD, with 13 Chinese questions regarding dreams and nightmare features, such as frequency of dreams and nightmares, content of dreams, disturbance of sleep of the participant or his/her bed partner, and vocalizations or behaviors during sleep.
14 The RBDQ-HK evaluates lifetime occurrence and recent 1-year frequency of these symptoms.
14 Compared to polysomnography (PSG)-based diagnosis of RBD, the RBDQ-HK showed robust sensitivity (82-85%), specificity (81-87%), internal consistency, and test-retest reliability in previous validation studies among general Chinese population and individuals with PD and obstructive sleep apnea (OSA). 14, 15 The cut-off point to estimate RBD for the total scale (score range 0-100) was >18.
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Assessment of alcohol consumption
To reduce the possibility of reverse causality (i.e., pRBD symptoms led to change in drinking status), we used cohort baseline data for alcohol consumption in 2006. Information on alcohol consumption was collected with questionnaire assessing current intake, with questions that included whether consuming any alcoholic beverage in the past 12 months, and if so, the beverage type (beer, wine, and hard liquor) and the amount and frequency of intake ("How many times do you drink in the past 30 days?"), as detailed previously. 13 We calculated alcohol consumption in grams per day by multiplying the average times per day by the usual amount of each alcoholic beverage consumption and its average ethanol content (5.0 g for 100 g beer, 12.0 g for wine, and 40.0 g for hard liquor). A standard drink (referred to as "serving" in the report) contains about 14 g of ethanol. 13 Based on the standard drinks in the "Dietary Guidelines for Americans 2015-2020," U.S. Department of Health and Human Services and U.S. Department of Agriculture, we categorized participants into the following groups: nondrinkers, light (women: 0-0.4 servings/day; men: 0-0.9 servings/day), moderate (women: 0.5-1.0 servings/day; men: 1-2 servings/day), and heavy drinkers (women: >1 serving/day; men: >2 servings/day). 16 For each type of alcoholic beverage, participants who did not drink or did not drink the indicated type were categorized as negative, otherwise, we grouped them as positive.
To assess the validity of self-report alcohol consumption, we examined the association between alcohol intake and blood concentration of high-density lipoprotein cholesterol (HDL-c) in 71,379 participants of the Kailuan Study. 13 As expected, we observed a dose-response relation between alcohol consumption and HDL-c concentration in a cross-sectional analysis. 13 
Assessment of sleep parameters
Information on several sleep parameters including insomnia, daytime sleepiness, sleep duration, snoring, and use of hypnotics was collected in 2012, as detailed below.
Insomnia
Insomnia status in the past 30 days was assessed on the basis of the validated Chinese version of Athens Insomnia Scale (AIS). 17, 18 The AIS is a self-administered questionnaire comprising eight questions on sleep features. 17 The cut-off to determine insomnia for the total scale was ≥6.
Daytime sleepiness
We determined daytime sleepiness using the Chinese version of Epworth Sleepiness Scale (ESS). 19 The higher total score the individual got the higher chance of falling asleep while engaged in specific situations of daily life. The total score ≥10 indicated excessive daytime sleepiness. 19 A validation study of the ESS among Chinese individuals has demonstrated good test-retest reliability (q = 0.74). 20 
Snoring status
In the 2014 survey, we included the STOPBANG questionnaire and measured neck circumference to the nearest centimeter using a tape measure by trained field workers to screen individuals at high risk of OSA. 21 Questions in STOPBANG comprised eight binary variables, including snoring, daytime tiredness, observed apneas, blood pressure, body mass index (BMI) (>35 kg/m 2 ), age (>50 years), neck circumference (>40 cm), and sex (men). Intermediate or high risk of OSA was defined as three or more of the eight items scored positive. 21 Previous validation studies among different populations, including Chinese, showed a high sensitivity (91-94%) to detect OSA. 22 In this study, 2280 participants were considered intermediate or high risk of OSA (STOPBANG score ≥ 3). 21 
Assessment of other potential covariates
Information on education level, occupation, income level, smoking status, and physical activity was collected in 2006 via questionnaires, as detailed elsewhere. 5 Weight and height were measured by trained field-workers. Body mass index (BMI) was defined as body weight (kg) divided by the square of height (m 2 ). We categorized participants into three groups based on their BMI: normal weight (<24 kg/m 2 ), overweight (24-27.9 kg/m 2 ), and obese (≥28 kg/m 2 ). Systolic and diastolic blood pressures were measured twice from the seated position using a mercury sphygmomanometer. We used the average of the two readings for analysis. Hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or use of antihypertensive medications in the last 2 weeks regardless of blood pressure status. Prehypertension was grouped as systolic blood pressure between 120 and 139 mm Hg or diastolic blood pressure between 80 and 89 mm Hg. Fasting blood samples were collected, and we determined concentrations of glucose, HDL-c, low-density lipoprotein cholesterol (LDL-c), triglyceride, and urate, using an autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory of the Kailuan General Hospital. Diabetes was defined as a concentration of fasting blood glucose ≥7.0 mmol/L or use of oral hypoglycemic agent or during active treatment with insulin, and prediabetes was classified as a concentration of fasting blood glucose between 5.6 and 6.9 mmol/L. Hyperuricemia was defined as ≥360 lmol/L for women, and ≥400 lmol/L for men.
Statistical analyses
All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Inc, Cary, NC). Formal hypothesis testing was two-sided with a significant level of 0.05. We used logistic regression to calculate odds ratios (ORs) and 95% confidence intervals (CIs), and to test differences in prevalence of pRBD across drinking status. We fit three multivariate models: model 1 adjusted for age and sex; model 2 further adjusted for education level, occupation, income level, smoking status, hypertension, diabetes, physical activity, BMI, and plasma concentrations of HDL-c, LDL-c, triglyceride, and urate. Linear trends were tested for significance by treating categories of drinking status as an ordinal variable.
To examine the robustness of the observed results, we conducted a sensitivity analysis by excluding individuals with hyperuricemia (1462 in men and 175 in women) because urate concentration is strongly associated with alcohol consumption and PD status. 23, 24 For the same reason, we conducted another sensitivity analysis using the alternative cut-off point (range 0-70, >7) for determining pRBD based on seven subgroup behavioral factors of RBDQ-HK, including sleep talking, shouting, limb movements, and sleep-related injuries. To minimize the potential effect of RBD mimics on the observed association between alcohol and pRBD, we conducted several sensitivity analyses by excluding participants with other sleep disorders (including excessive daytime sleepiness, and insomnia), or those using hypnotics. We also conducted a sensitivity study by excluding participants with intermediate or high risk of OSA. To introduce prospective component, we examined whether 2006 drinking status predicted RBD symptom onset in the recent 1 year (that is 2011-2012, referred to as "recent-1-year pRBD" in the manuscript) based on the RBDQ-HK. We used PROC GLM to examine the differences in the scores of recent-1-year pRBD across 2006 drinking categories.
We examined potential interactions of drinking status with age and sex (as pRBD has been reported to be more common in men and older adults 25 ) in relation to likelihood of pRBD, by including multiplicative terms between sex/age and drinking status in the logistic regression models, with adjustment for other potential confounders in the model 3.
Finally, we examined the relation between each type of alcoholic beverage (beer, wine, and hard liquor), using binary exposure (i.e., positive/negative), and likelihood of having pRBD, with adjustment for other potential confounders in the model 2.
Results
Participants with higher alcohol consumption were more likely to be men, blue collar occupation (compared to white collar occupation), and current smokers, at a lower level of education, income, and physical activity, and to have a higher prevalence of hypertension, diabetes, and higher concentrations of triglyceride, LDL-c, HDL-c, and urate (Table 1) .
In 2012, a total of 641 participants (5.4%) were determined as pRBD. Compared with noncurrent drinkers, current drinkers had a 23% higher likelihood of having pRBD (OR 1.23, 95% CI 1.07-1.59). Both moderate (adjusted OR 1.53, 95% CI 1.01-2.30) and heavy drinkers (adjusted OR 1.29, 95% CI 1.00-1.66) had a significantly higher likelihood of pRBD, after adjusting for age, sex, education level, occupation, income level, smoking status, hypertension, diabetes, physical activity, BMI, plasma concentrations of lipids and urate (Table 2) . We observed similar significant results when using 2006 drinking status to predict scores of recent-1-year pRBD (2011-2012) (Table S1 ), or using 2012 drinking status and pRBD status (Table S2) . Results did not change materially in the sensitivity analyses using alternate pRBD definition and excluding participants with hyperuricemia or RBD mimics ( Table 3) . The interactions between pRBD and sex or age were not significant (P for interaction >0.3 for both) (Table S3 ). We observed a nonsignificant trend between each alcoholic beverage and higher likelihood of having pRBD (Fig. 1) .
Discussion
In this community-based study of 11,905 adults, we observed a significant relationship between alcohol consumption and higher likelihood of having pRBD 6 years later. Current drinkers were 23% more likely to have pRBD, independent of potential co-determinants, comprising age and sex. Excluding individuals with hyperuricemia or RBD mimics did not change the significant association between alcohol consumption and likelihood of pRBD, suggesting that the observed alcohol-pRBD relationship cannot be totally explained by these two factors. Participants were categorized into: nondrinkers, light (women: 0-0.4 servings/day; men: 0-0.9 servings/day), moderate (women: 0.5-1.0 servings/day; men: 1-2 servings/day), and heavy drinkers (women: >1 serving/day; men: >2 servings/day).
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Adjusted for age, sex, education level (primary, middle, or college and higher), income level (<500 RMB/month, 500-1000 RMB/month, or >1000 RMB/month), occupation (blue collar/white collar), physical activity (never, <4 times/week, or ≥4 times/week), smoking status(never, past, or current smoker), hypertension (negative, prehypertension, or hypertension), diabetes (negative, prediabetes, or diabetes), body mass index (<24 kg/m 2 , 24-28 kg/m 2 , or ≥ 28 kg/m 2 ), plasma concentrations of triglyceride (quartiles), low-density lipoprotein cholesterol (quartiles), highdensity lipoprotein cholesterol (quartiles), and urate (quartiles). 3 1462 men and 175 women; pRBD number in nondrinkers: 302. 4 Based on seven behavioral factors including sleep talking, shouting, limb movements and sleep-related injuries (score range 0-70, cut-off >7); pRBD number in nondrinkers: 369. 5 The Epworth Sleepiness Scale ≥10; 168 men and 22 women; pRBD number in nondrinkers: 316. 6 The Athens Insomnia Scale ≥6; 1599 men and 522 women; pRBD number in nondrinkers: 244. 7 968 men and 306 women; pRBD number in nondrinkers: 284. 8 The STOPBANG score ≥3; 2256 men and 24 women; pRBD number in nondrinkers: 172. To our knowledge, limited studies were conducted to investigate risk factors and RBD, and no studies specifically focused on alcohol. A multicenter case-controlled study of environmental risk factors for idiopathic RBD (iRBD), with 347 cases and 347 controls, found a nonsignificantly higher alcohol intake frequency in the case group, relative to the control group. 4 Another community-based study with 3635 participants showed a significant association between use of alcoholic beverage and pRBD, with an age-and sex-adjusted OR of 2.16 (95% CI: 1.03, 4.50) for current drinkers, versus never drinkers. 12 Our study extends prior reports. Alcohol, particularly from beer, had been observed to be associated with lower PD risk in other epidemiological studies. 11, 26, 27 In contrast, the positive association between alcohol intake and higher pRBD likelihood was similar across different alcoholic beverages. In this study, moderate drinkers had the largest likelihood of having pRBD. Probably small sample size in this group led to unstable estimations.
Consistently, in a previous study including 3635 Chinese adults, consumption of beer or spirit was both significantly associated with higher odds of having pRBD. 12 The opposite direction for the alcohol-pRBD relationship, particularly for beer, relative to its inverse association with PD, suggests that some RBDs might have different pathogenesis and hence risk factors from PD (i.e., synucleinopathies). Alternately, there is a possibility that alcohol could trigger early presentation or increase severity of synucleine-mediated RBD. Our observations also suggest that the association could be driven by ethanol, rather than other components (e.g., purine) in alcoholic beverages.
The mechanism by which alcohol may increase RBD risk remains unclear. We could speculate that this may involve changes in the sleep architecture, similar to other REM suppressing substances, such as antidepressants, which are well established as factors that can provoke RBD events. In this study, we also found that moderate and heavy drinkers, but not lighter drinkers, were at increased likelihood of pRBD, probably because the effect on sleep is more significant at these higher doses. Alcohol leads to early sleepiness, and has a REM suppressant effect mainly in the first half of the night. It delays the appearance of the first REM period and reduces the amount of REM in the first half of the night in favor of slow wave sleep. 28 It has a short half-life, and later in the night the number and duration of awakenings tends to increase. [29] [30] [31] Patients commonly report nightmares, possibly a reflection of the combination of REM rebound (a consequence of the initial REM suppression) in the latter part of the night and a more fragmented sleep. It may change dream content, favoring more aggressive dreams. 32 Dreams reported by patients with RBD are also more likely to be action filled and aggressive, compared to abnormal events from other sleep stages. 33, 34 Our study used a questionnaire, and although mostly accurate, may mis-identify as RBD some events that are of a different nature. These include nightmares with and arousal, behavior related to the alcohol itself, or NREM parasomnias. There can also be arousals secondary to OSA, which can be worsened by alcohol due to its muscle relaxant effect. We have attempted to minimize this effect by eliminating participants who have a large neck circumference and a moderate or high risk of OSA on STOP-BANG questionnaire. While this does not automatically rule out the presence of OSA, the risk is significantly reduced. Further studies using a PSG for confirmation can provide further information. Based on RBD prevalence, which was shown in a Korean study based on PSG, 35 and sensitivity/ specificity of the RBDQ-HK, 14 only an expected~12% of participants who screened positive for pRBD likely had RBD. However, previous studies suggested the individuals with pRBD, which was identified via questionnaire, had higher risk of dementia and PD. 36 Given the risk of misclassification of RBD status with this methodology, we used the term pRBD in this report. However, in prior studies with RBD diagnosed by PSG, a similar association between alcohol and RBD was also observed. 4 To reduce the effects of potential misclassification of RBD status, we also did sensitivity analyses by excluding participants with RBD mimics. Results did not materially change, suggesting that the effect of these factors on alcohol-pRBD relation could be small-to-modest. Furthermore, although we used exposures from 2006 to predict pRBD status in 2012, our study is still considered as a cross-sectional study, so the temporal relationship between alcohol consumption and pRBD was unclear. However, using scores of recent-1-year pRBD introduced a prospective component, and the analysis with restriction to those with symptom onset in the past year generated consistent results. In addition, high alcohol use might be a sign of mental illness, which has been linked to RBD. We did not have information on mental health or use of antidepressants. However, we still observed a significant association between moderate alcohol intake and high risk of having pRBD. Similarly, we did not collect data on periodic limb movements, which could be another resource of residual confounding, leading to an overestimation regarding the alcohol-RBD relationship. Furthermore, we did not collect detailed information on OSA until 2014, although we generated similar results after we excluded those who were considered as at intermediate or high risk of OSA.
The advantages of our study include its large sample size, detailed information on alcohol consumption, and rigorous data collection for all potential confounders among the participants. Future studies with clinically confirmed RBD, large sample size for information on types of alcoholic beverage, and prospective study design would be appropriate to further investigate this association.
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